1. Introduction {#sec1-cancers-11-00278}
===============

The poor prognosis of pancreatic cancer, with a 5 year survival rate of less than 6%, is well-known \[[@B1-cancers-11-00278],[@B2-cancers-11-00278]\]. Although surgical resection is the only potentially curative therapy, only 10--20% of patients with pancreatic cancer are classified as having resectable disease at the time of diagnosis \[[@B3-cancers-11-00278]\]. Locally advanced, non-metastatic pancreatic cancer occurs in approximately 30% of newly diagnosed patients \[[@B3-cancers-11-00278]\] and includes borderline resectable pancreatic cancer (BRPC) and locally advanced unresectable pancreatic cancer (LAPC) \[[@B4-cancers-11-00278]\]. Multiple criteria have been proposed to define BRPC and LAPC by groups such as the National Comprehensive Cancer Network (NCCN), the joint consensus conference of the Americas Hepato-Pancreato-Biliary Association (AHPBA), the Society of Surgical Oncology (SSO), and the Society for Surgery of the Alimentary Tract (SSAT) \[[@B5-cancers-11-00278],[@B6-cancers-11-00278]\].

Although neoadjuvant chemotherapy (NACT) has previously been investigated for the management of BRPC and LAPC with the expectation that it may lead to downstaging, no practice-changing data were ever generated, mainly because of low response rates to conventional chemotherapeutic regimens \[[@B7-cancers-11-00278],[@B8-cancers-11-00278]\]. However, in recent years, the emergence of more effective chemotherapy regimens, such as FOLFIRINOX (fluorouracil, leucovorin, irinotecan, and oxaliplatin) and gemcitabine plus *nab*-paclitaxel, has renewed interest in the use of NACT in patients with BRPC and LAPC \[[@B9-cancers-11-00278],[@B10-cancers-11-00278]\].

Therefore, we conducted a retrospective analysis to evaluate the clinical outcomes of conversion surgery after NACT in patients with BRPC and LAPC. We also performed an exploratory analysis to measure the survival benefit and potential risks associated with conversion surgery after NACT, in comparison with upfront surgery.

2. Patients and Methods {#sec2-cancers-11-00278}
=======================

2.1. Patients {#sec2dot1-cancers-11-00278}
-------------

A total of 1888 patients with pancreatic ductal adenocarcinoma (PDAC) who underwent surgical resection between October 2005 and April 2017 were identified in the prospective database of the Department of Surgery, Asan Medical Center, Seoul, Korea. Among them, 179 patients underwent surgical resection after chemotherapy. After the exclusion of patients who had distant metastasis (M1) or resectable disease at baseline, 135 patients (65 with BRPC and 70 with LAPC) were identified who had received conversion surgery after NACT and were included in this study, as shown in [Supplementary Figure S1](#app1-cancers-11-00278){ref-type="app"}. For exploratory analysis to compare the clinical outcomes between conversion surgery after NACT and upfront surgery, a patient cohort who had received upfront surgery was also identified. In the same period, 1709 patients underwent upfront surgery, among whom 359 had received surgery for BRPC (*n* = 281) or LAPC (*n* = 78) and were included in the exploratory analysis. The study was approved by the institutional review board of the Asan Medical Center, Seoul, Korea (IRB approval number: 2016-0902).

Baseline characteristics, pathology, and clinical outcomes were acquired from the prospective database. Baseline imaging studies, including computed tomography (CT), magnetic resonance imaging (MRI), and FDG-positron emission tomography (PET)-CT, were reviewed retrospectively. In this study, BRPC and LAPC were classified according to the NCCN resectability criteria \[[@B5-cancers-11-00278]\].

2.2. Endpoints and Statistical Analysis {#sec2dot2-cancers-11-00278}
---------------------------------------

Responses were graded according to the Response Evaluation Criteria for Solid Tumors (RECIST) version 1.1 \[[@B11-cancers-11-00278]\]. Surgical complications and postoperative pancreatic fistula were graded using the Clavien--Dindo classification system \[[@B12-cancers-11-00278]\] and guidelines of the International Study Group on Pancreatic Fistula (ISGPF) \[[@B13-cancers-11-00278]\], respectively. Disease-free survival (DFS) was defined as the time from surgery to the date of recurrence or death, whichever occurred first. Overall survival (OS) was estimated as the time between surgery and any cause of death. In the conversion surgery after NACT group, progression-free survival (PFS) was defined as the time from NACT to the date of recurrence or death, whichever occurred first.

Categorical variables were compared using the chi-square or Fisher's exact test, as appropriate. Survival curves were estimated by the Kaplan--Meier method and compared by log-rank tests. Cox-proportional hazards models were used for univariate and multivariate analyses, and outcomes are shown with the hazard ratio (HR) and 95% confidence interval (CI). The variables with potential significance (*p* \< 0.2) in the univariate analyses were included in the multivariate analysis, using a backward likelihood method to define the prognostic factors of conversion surgery after NACT. To adjust for potential confounding variables in the impact of NACT, multivariate analysis using the Enter method was conducted with the inclusion of NACT and key prognostic factors. Because T and N stages, resection margin status, and vascular resection status are affected by NACT, these variables were not included considering the multicollinearity. All statistical analyses were performed using the Statistical Package for the Social Sciences (IBM SPSS, Chicago, IL, USA) version 21.0, and all tests were two-sided with 5% defined as the level of significance.

3. Results {#sec3-cancers-11-00278}
==========

3.1. Patient Characteristics {#sec3dot1-cancers-11-00278}
----------------------------

Baseline patient characteristics are summarized in [Table 1](#cancers-11-00278-t001){ref-type="table"}; the median age was 60 years (range, 30--78 years); 53% were male in the conversion surgery after NACT group. According to the NCCN criteria, 65 patients (48%) were classified as BRPC and 70 (52%) as LAPC at the time of diagnosis. As NACT, 69 patients (51%) received gemcitabine-based regimens, including gemcitabine monotherapy, gemcitabine-capecitabine combination, and gemcitabine-erlotinib combination; 66 patients (49%) received FOLFIRINOX. According to RECIST v1.1, the best responses to NACT were partial response, stable disease, and progressive disease in 52 (39%), 80 (59%), and 3 (2%) patients, respectively. The median duration of NACT was 3.0 months (range, 0.1--11.6 months). Postoperative chemotherapy and radiotherapy were administered in 105 (78%) and 18 (13%) patients, respectively.

No significant differences in gender or age were seen between the conversion surgery after NACT and upfront surgery groups, as shown in [Table 1](#cancers-11-00278-t001){ref-type="table"}. The patients in the conversion surgery after NACT group had more advanced disease at the time of diagnosis than did those in the upfront surgery group, as there was a significant difference in the proportion of BRPC and LAPC between the two groups (BRPC/LAPC: 48/52% in the conversion surgery after NACT group vs. 78/22% in the upfront surgery group; *p* \< 0.001). More patients in the upfront surgery than in the conversion surgery after NACT group underwent extensive surgery, including total pancreatectomy (21% vs. 11%) or major venous resection (89% vs. 59%), although the rate of major arterial resection was lower in the upfront surgery group (20% vs. 29%). At the time of surgical resection, CA 19-9 levels were elevated more frequently in the upfront surgery group than in the conversion surgery after NACT group (72% vs. 56%, *p* = 0.001). There was no difference between the two groups in length of hospital stay for surgery (upfront surgery vs. conversion surgery after NACT, 17 vs. 13 days, *p* = 0.14), postoperative chemotherapy (69% vs. 78%, *p* = 0.06), or postoperative radiotherapy (21% vs. 13%, *p* = 0.05). The details of postoperative chemotherapy were available in 228 patients in the upfront surgery group and 88 patients in the conversion surgery after NACT group, except those who received postoperative chemotherapy in outside hospitals. Fluoropyrimidine (*n* = 168, 74%), gemcitabine (*n* = 56, 24%), gemcitabine-capecitabine combination (*n* = 2, 1%), and gemcitabine-*nab*-paclitaxel combination (*n* = 2, 1%) were used as postoperative chemotherapy in the upfront surgery group, and gemcitabine (*n* = 42, 48%), fluoropyrimidine (*n* = 20, 23%), gemcitabine-capecitabine combination (*n* = 12, 13%), FOLFIRINOX (*n* = 13, 15%), and gemcitabine-*nab*-paclitaxel combination (*n* = 1, 1%) in the conversion surgery after NACT group. The median duration of postoperative chemotherapy was 3.2 months (range, 0.5--9.0 months) and 3.3 months (range, 0.5--9.5 months) in the upfront surgery and conversion surgery after NACT groups, respectively.

3.2. Postoperative Stage and Morbidity {#sec3dot2-cancers-11-00278}
--------------------------------------

Postoperative pathological staging is summarized in [Table 2](#cancers-11-00278-t002){ref-type="table"}. Compared with the upfront surgery group, the conversion surgery after NACT group showed less advanced T stage (T3--4, 93% vs. 99%, *p* = 0.001), N stage (N+, 49% vs. 71%, *p* \< 0.001), lymphovascular invasion (36% vs. 58%, *p* \< 0.001), and perineural invasion (80% vs. 94%, *p* \< 0.001) as shown in [Table 2](#cancers-11-00278-t002){ref-type="table"}. The R1 resection rate was higher in the upfront surgery group than in the conversion surgery after NACT group (33% vs. 24%), and this difference was marginally significant (*p* = 0.06). There was no patient with R2 resection in both groups.

In the conversion surgery after NACT group, surgical complications were noted in 37 patients (27%), and graded as I--II, III--IV, and V in 24 (18%), 12 (9%), and 1 (1%) patient, respectively, as shown in [Table 3](#cancers-11-00278-t003){ref-type="table"}. Clinically relevant postoperative pancreatic fistula (grade B or C) occurred in 14 patients (10%). Overall postoperative morbidity (Clavien--Dindo grade I--V) was more frequent in the upfront surgery group than in the conversion surgery after NACT group (38% vs. 27%, *p* = 0.03), while clinically relevant postoperative pancreatic fistulae (grade B or C) were more frequent in the conversion surgery after NACT group than in the upfront surgery group (10.4% vs. 4.2%, *p* = 0.02).

3.3. Survival Outcomes and Prognostic Factors with Conversion Surgery after NACT {#sec3dot3-cancers-11-00278}
--------------------------------------------------------------------------------

The median OS from the time of surgery was 25.4 months (95% CI, 18.6--32.2 months), and 2 and 4 year OS rates were 52.8% (95% CI, 43.8--61.8%) and 31.2% (95% CI, 21.2--41.2%), respectively, as shown in [Figure 1](#cancers-11-00278-f001){ref-type="fig"}. The median DFS from the time of surgery was 9.0 months (95% CI, 6.8--11.2 months), and 2 and 4 year DFS rates were 18.2% (95% CI, 10.4--26.0%) and 13.1% (95% CI, 4.7--21.5%), respectively.

Univariate and multivariate analyses of OS and DFS from surgery in the conversion surgery after NACT group were performed with the inclusion of age, gender, pT stage, pN stage, surgical type, NACT regimens, objective response by RECIST v1.1, CA 19-9 levels, major vascular resection, and resection margin status, as shown in [Table 4](#cancers-11-00278-t004){ref-type="table"}. NACT regimens (gemcitabine-based chemotherapy vs. FOLFIRINOX) showed no statistically significant differences in terms of OS or DFS from surgery (*p* = 0.31 and *p* = 0.76, respectively). However, a statistically significant association was seen between age (\>65 vs. \<65 years; HR, 2.7 (95% CI, 1.4--5.2); *p* = 0.003) and response to NACT (progressive disease vs. partial response; HR, 2.1 (95% CI, 1.2--3.9); *p* = 0.02; stable disease vs. partial disease; HR, 4.9 (95% CI, 1.1--23.0); *p* = 0.04) and OS. A statistically significant association was seen between DFS and CA 19-9 level at surgery (elevated vs. normal; HR, 1.6 (95% CI, 1.00--2.7); *p* = 0.049) and resection of major veins (with resection vs. without resection; HR, 1.7 (95% CI, 1.00--2.8); *p* = 0.047).

The median OS and PFS from the initiation of NACT was 29.7 months (95% CI, 22.5--36.8 months) and 13.4 months (95% CI, 12.5--14.4 months), respectively, as shown in [Figure 2](#cancers-11-00278-f002){ref-type="fig"}. The 2 and 4 year OS rates from the initiation of NACT were 60.2% (95% CI, 51.2--69.2%) and 35.6% (95% CI, 25.4--45.8%), respectively, and the 2 and 4 year PFS rates from the initiation of NACT were 25.0% (95% CI, 16.4--33.6%) and 17.2% (95% CI, 9.0--26.2%), respectively.

3.4. Survival Outcomes with Conversion Surgery after NACT in Comparison with Upfront Surgery {#sec3dot4-cancers-11-00278}
--------------------------------------------------------------------------------------------

The median follow-up duration from surgery was 17.1 months (range, 0.5--129.9) in the upfront surgery group and 17.5 months (range, 0.4--128.9) in the conversion surgery after NACT group, with no statistically significant differences seen between the groups (*p* = 0.58). Compared with upfront surgery, the conversion surgery after NACT group showed better OS from surgery (25.4 months vs. median 17.1 months (95% CI, 15.5--18.7 months); unadjusted HR, 0.67 (95% CI, 0.52--0.85); *p* = 0.001), as shown in [Figure 3](#cancers-11-00278-f003){ref-type="fig"}A, and DFS from surgery (9.0 months vs. 7.1 months (95% CI, 6.4--7.8 months); unadjusted HR, 0.72 (95% CI, 0.57--0.91); *p* = 0.005), as shown in [Figure 3](#cancers-11-00278-f003){ref-type="fig"}B. In multivariate analyses for OS and DFS, conversion surgery after NACT remained significantly superior to upfront surgery in terms of OS and DFS (HR, 0.73 (0.56--0.96); *p* = 0.02; and HR, 0.72 (0.56--0.93); *p* = 0.01, respectively), as shown in [Table 5](#cancers-11-00278-t005){ref-type="table"}.

In the subgroup analyses for the BRPC cohort, median OS and DFS in the conversion surgery after NACT group were 21.9 months (95% CI, 15.8--27.9 months) and 8.8 months (95% CI, 6.0--11.6 months), respectively, while they were 16.9 months (95% CI, 14.7--19.1 months; *p* = 0.03) and 7.3 months (95% CI, 6.4--8.2 months; *p* = 0.08) in the upfront surgery group, respectively. For the LAPC cohort, median OS and DFS in the conversion surgery after NACT group were 26.6 months (95% CI, 19.3--34.0 months) and 9.8 months (95% CI, 5.5--14.2 months), respectively, and in the upfront surgery group, 17.1 months (95% CI, 14.3--19.9 months; *p* = 0.01) and 6.1 months (95% CI, 4.8--7.4 months; *p* = 0.01), respectively.

4. Discussion {#sec4-cancers-11-00278}
=============

The present study showed that conversion surgery after NACT is feasible and effective in patients with BRPC and LAPC at the time of diagnosis. The median OS and DFS from conversion surgery in the study cohort were 25.4 and 9.0 months, respectively. When the survival outcomes were estimated from the time of the start of NACT, the median OS and PFS were 29.7 and 13.4 months, respectively. These findings are in line with the results of a previous retrospective analysis \[[@B14-cancers-11-00278]\] and suggest that patients who undergo conversion surgery after NACT for BRPC and LAPC may have similar survival outcomes to those with resectable pancreatic cancer \[[@B15-cancers-11-00278]\].

Prognostic factors for patients undergoing conversion surgery after NACT were age, CA 19-9 levels, and response to NACT for OS, and CA 19-9 and resection of major veins (such as the portal vein and superior mesenteric vein) for DFS. Remarkably, patients who showed progressive disease on NACT showed poorer OS after conversion surgery. This may suggest that patients with progressive disease on NACT should be cautiously discussed in the multidisciplinary team for surgical resection even though R0 resection might be achieved considering the poor prognosis and potential negative impact on quality of life of the surgery. Interestingly, there was no difference in survival outcomes between gemcitabine-based regimens and FOLFIRINOX. Since gemcitabine plus *nab*-paclitaxel is not approved for the treatment of patients with BRPC or LAPC in Korea, all patients in this study received other gemcitabine-based regimens, including gemcitabine monotherapy, gemcitabine plus erlotinib, or gemcitabine plus capecitabine. Since this study included only patients who could undergo resection after some degree of response to NACT, it is not appropriate to compare the efficacy of different chemotherapy regimens as NACT in BRPC and LAPC in this patient population. Although previous studies showed favorable outcomes with FOLFIRINOX compared with conventional gemcitabine-based regimens \[[@B16-cancers-11-00278],[@B17-cancers-11-00278],[@B18-cancers-11-00278],[@B19-cancers-11-00278]\], the optimal NACT regimen in patients with BRPC and LAPC should be investigated in prospective clinical trials. Ongoing randomized trials, including the ALLIANCE A021501 study, may help to define standard regimens for BRPC and LAPC \[[@B20-cancers-11-00278]\].

The risk of postoperative complications is a potential issue for conversion surgery after NACT in patients with pancreatic cancer. Our findings indicate that conversion surgery after NACT is safe and may not increase postoperative complications in patients with BRPC and LAPC. There was also no difference in the length of hospital stay between conversion surgery after NACT and upfront surgery in our exploratory analysis cohort. Furthermore, patients with conversion surgery after NACT showed less postoperative morbidity than those with upfront surgery (24% vs. 33%), even though these patients had more extensive vascular involvement at the time of diagnosis. This finding is supported by a previous study \[[@B21-cancers-11-00278]\] and might be attributable to the reduced extent of resection afforded by downstaging after NACT, since the major vascular resection rate was significantly lower in the conversion surgery after NACT group than in the upfront surgery group (73% vs. 98%, respectively). Although there is limited supporting preclinical evidence, these findings may be related to the fact that NACT may allow time for patients to recover from acute pancreatitis caused by cancer or biliary drainage procedures, or the potential impact of NACT on the peri-pancreatic cancer tissue, which allows for better suturing of the pancreaticojejunostomy.

In our exploratory analysis, we compared outcomes between conversion surgery after NACT and upfront surgery for BRPC and LAPC. Patients who received NACT before surgery showed less advanced T and N stages, and less frequent lymphovascular invasion and perineural invasion, than those with upfront surgery, despite the fact that patients who received NACT followed by surgery had a greater tumor burden at the time of diagnosis (proportion of LAPC, 52% vs. 22%). These results are in line with recent data for resectable pancreatic cancer \[[@B22-cancers-11-00278]\]. Conversion surgery after NACT was significantly associated with better survival outcomes than upfront surgery in patients with BRPC and LAPC (OS, 25.4 vs. 17.1 months; DFS, 9.0 vs. 7.1 months). The differences in OS and DFS between the two groups remained significant in multivariate analyses, with similar adjusted HRs (0.73 for OS and 0.72 for DFS). Our finding is consistent with previous data from a large US national database of patients with resectable pancreatic cancer \[[@B22-cancers-11-00278]\]. In that study, surgery after neoadjuvant treatment was associated with better OS than upfront surgery with an adjusted HR of 0.74.

Despite strong rationales for NACT, such as earlier eradication of micrometastasis and selection of patients with favorable tumor biology, and the promising results of NACT in BRPC and LAPC, controversies remain regarding the management of medically fit patients with technically resectable BRPC and LAPC. Since most data evaluating NACT followed by surgery, including those presented here, have analyzed highly selected populations that could tolerate and show response to NACT, there remains a lack of clear evidence to support the use of NACT in technically resectable BRPC and LAPC, particularly in cases where microscopic complete resection (R0) is highly achievable. With improvements in surgical technique and postoperative rehabilitation, more patients are able to receive adjuvant chemotherapy than before, and the efficacy of this approach has also recently shown remarkable improvement \[[@B15-cancers-11-00278],[@B23-cancers-11-00278]\]. The advantages and disadvantages of NACT followed by surgery and upfront surgery followed by adjuvant chemotherapy for technically resectable BRPC and LAPC or resectable pancreatic cancer should be addressed in future randomized trials.

The present study has several limitations, including a retrospective design, a highly selected population obtained from a single tertiary institution, and an inability to address the clinical outcomes of patients with BRPC and LAPC who started chemotherapy but could not undergo surgical resection, which precluded a comprehensive assessment of the role for NACT in BRPC and LAPC. Despite these limitations, the strengths of this study are that our analyses were based on a large cohort and a prospectively established registry, which may reduce potential selection bias.

5. Conclusions {#sec5-cancers-11-00278}
==============

In conclusion, conversion surgery after NACT is a feasible and effective therapeutic strategy for patients with BRPC and LAPC. With recent advances in systemic chemotherapy and radiation therapy, future clinical trials investigating optimal therapeutic strategies for LAPC are strongly warranted.

The following are available online at <https://www.mdpi.com/2072-6694/11/3/278/s1>, Figure S1: Study flow diagram.
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cancers-11-00278-t001_Table 1

###### 

Patient characteristics.

  Variable                                                      Upfront Surgery (*n* = 359)   Conversion Surgery after NACT (*n* = 135)   *p* Value
  ------------------------------------------------------------- ----------------------------- ------------------------------------------- -----------
  **Age, median (range)**                                       61 (30--82 years)             60 (30--78 years)                           0.18
  **Age ≥65 years**                                             132 (37%)                     33 (24%)                                    0.01
  **Gender, male/female**                                       202 (56%)/157 (44%)           72 (53%)/63 (47%)                           0.18
  **Resectability criteria at diagnosis**                                                                                                 
    Borderline resectable                                       281 (78%)                     65 (48%)                                    \<0.001
    Locally advanced unresectable                               78 (22%)                      70 (52%)                                    
  **NACT regimens**                                                                                                                       
    Gemcitabine-based                                                                         69 (51%)                                    
    FOLFIRINOX                                                                                66 (49%)                                    
  **Response to chemotherapy**                                                                                                            
    Partial response                                                                          52 (39%)                                    
    Stable disease                                                                            80 (59%)                                    
    Progressive disease                                                                       3 (2%)                                      
  **Surgical type**                                                                                                                       
    Pancreatoduodenectomy                                       237 (66%)                     80 (59%)                                    \<0.001
    Distal pancreatectomy                                       45 (13%)                      40 (30%)                                    
    Total pancreatectomy                                        77 (21%)                      15 (11%)                                    
  **Major vascular resection**                                  351 (98%)                     99 (73%)                                    \<0.001
    Vein resection                                              324 (90%)                     79 (59%)                                    
    Artery resection                                            64 (18%)                      39 (29%)                                    
    Combined resection                                          37 (10%)                      21 (16%)                                    
  **CA 19-9 level at the time of surgery**                      *N* = 351                     *N* = 132                                   0.001
    Within normal range                                         97 (28%)                      58 (44%)                                    
    Elevated                                                    254 (72%)                     74 (56%)                                    
  **Hospital stay for surgery, median (interquartile range)**   17 days (11--24)              13 days (10--17)                            0.14
  **Postoperative adjuvant chemotherapy**                       248 (69%)                     105 (78%)                                   0.06
  **Postoperative adjuvant radiotherapy**                       76 (21%)                      18 (13%)                                    0.05

NACT = neoadjuvant chemotherapy.

cancers-11-00278-t002_Table 2

###### 

Pathological features.

  Variables                          Upfront Surgery (*n* = 359)   Conversion Surgery after NACT (*n* = 135)   *p* Value
  ---------------------------------- ----------------------------- ------------------------------------------- -----------
  **Pathological staging \***                                                                                  
    T1--2/T3--4                      5 (1%)/354 (99%)              10 (7%)/125 (93%)                           0.001
    T1                               2 (0.6%)                      8 (5.9%)                                    
    T2                               3 (0.8%)                      2 (1.5%)                                    
    T3                               337 (93.9%)                   119 (88.1%)                                 
    T4                               17 (4.7%)                     6 (4.4%)                                    
    N0/N1                            104 (29%)/253 (71%)           69 (51%)/66 (49%)                           \<0.001
  **Resection margin status \*\***                                                                             0.06
    R0                               240 (67%)                     102 (76%)                                   
    R1                               119 (33%)                     33 (24%)                                    
  **Lymphovascular invasion**        209 (58%)                     48 (36%)                                    \<0.001
  **Perineural invasion**            338 (94%)                     108 (80%)                                   \<0.001

NACT = neoadjuvant chemotherapy; \* graded according to the American Joint Committee on Cancer (AJCC) staging 7th edition; \*\* there were no patients with R2 resection.

cancers-11-00278-t003_Table 3

###### 

Postoperative complications.

  Variables                                   Upfront Surgery (*n* = 359)   Conversion Surgery after NACT (*n* = 135)   *p* Value
  ------------------------------------------- ----------------------------- ------------------------------------------- -----------
  **Surgical complication \***                136 (38%)                     37 (27%)                                    0.03
    Grade I--II                               110 (31%)                     24 (18%)                                    
    Grade III--IV                             23 (6%)                       12 (9%)                                     
    Grade V                                   3 (1%)                        1 (1%)                                      
  **Postoperative pancreatic fistula \*\***   42 (12%)                      20 (15%)                                    0.02
    Biochemical leakage                       27 (8%)                       6 (4%)                                      
    Grade B or C                              15 (4%)                       14 (10%)                                    

NACT = neoadjuvant chemotherapy; \* graded using the Clavien--Dindo classification; \*\* graded using the guideline of the International Study Group on Pancreatic Fistula (ISGPF).

cancers-11-00278-t004_Table 4

###### 

Univariate and multivariate analyses of overall survival and disease-free survival in patients with conversion surgery after neoadjuvant chemotherapy.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                                              Overall Survival   Disease-Free Survival                                                                 
  ------------------------------------------------------ ------------------ ----------------------- --------------- ------- --------------- ------ -------------- -------
  **Age (≥65 vs. \<65 years)**                           2.52\              0.01                    2.70\           0.003   1.67\           0.11                  
                                                         (1.24--5.13)                               (1.39--5.23)            (0.69--3.13)                          

  **Gender (female vs. male)**                           1.56\              0.15                                            1.30\           0.34                  
                                                         (0.86--2.66)                                                       (0.75--2.26)                          

  **Pathological T stage (pT3--4 vs. pT1--2)**           0.65\              0.47                                            1.63\           1.63                  
                                                         (0.21--2.01)                                                       (0.53--5.00)                          

  **Pathological N stage (pN0 vs. pN+)**                 0.82\              0.55                                            0.87\           0.63                  
                                                         (0.43--1.56)                                                       (0.50--1.52)                          

  **Surgery (vs. pancreatoduodenectomy)**                                                                                                                         

    Distal pancreatectomy                                0.75\              0.43                                            0.81\           0.54                  
                                                         (0.37--1.52)                                                       (0.42--1.57)                          

    Total pancreatectomy                                 1.93\              0.28                                            1.65\           0.40                  
                                                         (0.59--6.25)                                                       (0.52--5.30)                          

  **NACT regimens (gemcitabine-based vs. FOLFIRINOX)**   1.22\              0.57                                            0.99\           0.97                  
                                                         (0.62--2.40)                                                       (0.57--1.72)                          

  **CA 19-9 (elevated vs. WNL)**                         1.70\              0.09                    1.67\           0.07    1.76\           0.05   1.65\          0.049
                                                         (0.92--3.16)                               (0.96--2.92)            (1.00--3.10)           (1.00--2.73)   

  **Response to NACT (vs. partial response)**                                                                                                                     

    Stable disease                                       2.09\              0.04                    2.12\           0.02    1.38\           0.27                  
                                                         (1.03--4.24)                               (1.16--3.87)            (0.78--2.41)                          

    Progressive disease                                  6.59\              0.03                    4.92\           0.04    2.59\           0.25                  
                                                         (1.20--36.33)                              (1.05--23.04)           (0.51--13.06)                         

  **Artery resection (yes vs. no)**                      1.10\              0.80                                            1.18\           0.57                  
                                                         (0.58--2.03)                                                       (0.66--2.10)                          

  **Vein resection (yes vs. no)**                        1.20\              0.63                                            1.30\           0.42   1.67\          0.047
                                                         (0.60--2.35)                                                       (0.69--2.47)           (1.01--2.77)   

  **Resection margin status (positive vs. negative)**    1.33\              0.43                                            1.01\           0.98                  
                                                         (0.66--2.66)                                                       (0.53--4.96)                          
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------

HR = hazard ratio, CI = confidence interval, NACT = neoadjuvant chemotherapy, WNL = within normal range.
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###### 

Multivariate analyses of overall survival (OS) and disease-free survival (DFS) in the pooled analysis with the inclusion of the conversion surgery after NACT group and upfront surgery group.

  Variables                                 OS from Surgical Resection   DFS from Surgical Resection                               
  ----------------------------------------- ---------------------------- ----------------------------- ------- ------ ------------ ------
  **Age (≥ 65 vs. \<65 years)**             1.17                         0.94--1.46                    0.15    1.08   0.87--1.34   0.50
  **Gender (female vs. male)**              1.07                         0.87--1.32                    0.51    1.09   0.89--1.33   0.41
  **NACT (yes vs. no)**                     0.73                         0.56--0.96                    0.02    0.72   0.56--0.93   0.01
  **CA 19-9 (elevated vs. WNL)**            1.22                         0.97--1.53                    0.09    1.19   0.96--1.49   0.12
  **Surgery (vs. pancreatoduodenectomy)**                                                                                          
    Distal pancreatectomy                   0.99                         0.74--1.33                    0.96    1.07   0.81--1.41   0.66
    Total pancreatectomy                    1.47                         1.13--1.91                    0.004   1.39   1.07--1.80   0.01

HR = hazard ratio, CI = confidence interval, NACT = neoadjuvant chemotherapy, WNL = within normal range.

[^1]: These authors contributed equally to this work.
